Aim To evaluate the current technical quality of root canal treatment (RCT) in Taiwan. Methodology A total of 1085 RCT cases, randomly selected from a large sample and representative of theTaiwanese population from April to September 2000, were evaluated by eight endodontic specialists. The qualitative evaluation of RCT cases was based on two variables: length of the root ¢lling and density of the obturation. A root canal with both adequate ¢lling length (the apical termination of the root ¢lling within 2 mm of the radiographic apex) and complete obturation (no lateral or apical canal lumen visible in the apical one-third of the root canal) was de¢ned as having good-quality endodontic work (GQEW). A tooth was de¢ned as having a GQEW when all its canals were categorized as GQEW.
Introduction
Endodontic treatment is an essential part of comprehensive quality dental care. Controlled studies have shown that root canal treatment (RCT) brings high success rates of more than 90% (Sjo« gren et al. 1990 , Eriksen 1991 . Most of these studies reported data from endodontic specialists and university clinics. These data may mislead in estimating the success rate of endodontic treatment in general practice that approximates to 65^75% (Eriksen1991, Friedman1998).This discrepancy in success rate may re£ect a di¡erence in the technical quality of the endodontic treatment performed.
Epidemiological surveys indicate a markedly lower frequency of satisfactory results of root canal ¢lling ranging from 14 to 65% (Petersson et al. 1986 , Eckerbom et al. 1987 1989 , O « desjo« et al. 1990 , Imfeld 1991 , De Cleen et al. 1993 , Buckley & SpÔngberg 1995 , Saunders et al. 1997 ,Weiger et al. 1997 , Marques et al. 1998 , Sidaravicius et al. 1999 , De Moor et al. 2000 , Kirkevang et al. 2000 2001 , Boucher et al. 2002 . In order to evaluate the endodontic status of the population, numerous studies have focused on the technical quality of RCT.This is of interest because it is well known that the quality of the root canal ¢lling is judged to be an important factor for the prognosis of the RCT (Petersson et al.1986 , Eckerbom et al. 1989 , O « desjo« et al. 1990 , Imfeld 1991 , De Cleen et al. 1993 , Buckley & SpÔngberg 1995 , Saunders et al. 1997 , Weiger et al. 1997 , De Moor et al. 2000 , Kirkevang et al. 2000 , Boucher et al. 2002 .
In Taiwan, the national healthcare policy was implemented in March1995. Because the service is almost free, the utilization of dental service has risen exponentially. In order to avoid abuse and fraud when claiming an RCT fee, the providers need to submit the RCTcases randomly selected by the Bureau of National Health Insurance (BNHI) in Taiwan for peer reviewing with thorough dental records including pre-and post-treatment periapical radiographs.With these invaluable data at BNHI, it will be possible to study the technical quality of RCT in the whole Taiwanese population. In October 2000, BNHI in Taiwan announced an incentive programme for RCT. Under the programme, the RCT cases that ful¢lled certain requirements, i.e. rubber dam placement and adequate root ¢lling length with a complete obturation, could get better payment from BNHI. In order to compare the quality status of RCT before and after the announcement of this incentive programme, the aim of this study was to assess the current technical quality of RCT in the whole Taiwanese population. A future investigation that is designed to disclose whether there is any improvement in the technical quality of RCT under the stimulation of this incentive programme will be performed 3 years later.
Materials and methods

Selection of cases
The design of random sampling strati¢ed by the geographical area and the hospital type was used. The sample size (n) was estimated to be 1200 so that the standard error (SE) of the estimatep could be controlled to be less than 0.05 via the formula ðseÞ 2 ¼pð1 ÀpÞ=n. According to the regulations of BNHI, 5% of the RCT cases performed by the dentists in hospitals and 10% of the RCT cases performed by the dentists in private clinics should be randomly selected and submitted to BNHI for peer reviewing. In this study, one to three cases were chosen from each randomly selected hospital or private clinic, according to the list of random numbers that was prepared by the statisticians. A total of1183 cases (523 from hospitals and 660 from private clinics) were randomly selected from approximately 150 000 RCT cases submitted to BNHI for peer reviewing from April to September 2000. These 1183 cases were collected from randomly selected 187 hospitals and 831 private clinics withinTaiwan. Of the1183 cases,383 (32.4%) were anterior teeth (incisors and canines), 361 (30.5%) were premolars and 439 (37.1%) were molars ( Evaluation of the quality of root canal treatment A group of eight endodontists were trained and calibrated to evaluate the quality of the collected endodontic cases. An evaluation form was designed to record the information gathered from the submitted charts and radiographs. Each set of radiographs from one case was interpreted byone of the eight endodontists.The viewing conditions were standardized, using an illuminated viewing box with ¢xed light. The technical quality of the root canal ¢llings was evaluated and classi¢ed. The recorded data related to this report included tooth type, ¢lling material, root canal ¢lling length and density of root canal ¢lling. The root canal ¢lling material of each case was assessed by radiographs and dental charts. Gutta-percha was judged as the ¢lling material, when gutta-percha core material could be identi¢ed from the radiograph or when gutta-percha was recorded in the dental chart as the ¢lling material. When no recording in the notes could be found but the radiopacity and homogeneity were similar to gutta-percha, it was classi¢ed as guttapercha-like material.When silver point or paste was used as the ¢lling material, it was categorized as 'others'.
The qualitative evaluation of RCT cases was based on two variables: length of the root ¢lling and density of the obturation in the apical one-third of the root canal. Multicanal teeth with superimposed canal ¢llings recorded on the dental chart were assessed according to the same radiographic image for both canals. By this de¢nition, over¢lling was de¢ned as seeing ¢lling material beyond the radiographic apex. Root canal ¢lling was judged as adequate when the apical termination of the root ¢lling was within 2 mm of the radiographic apex. Furthermore, root canal ¢lling was classi¢ed as under¢lled when the root ¢lling ended more than 2 mm from the radiographic apex, and as not ¢lled when no ¢lling material was visible in the root canal. Density of the obturation at the apical one-third of the root canal was classi¢ed as complete when no lateral orapical canal lumen was visible and as incomplete when there was a canal lumen visible laterally or apically. A root canal with both adequate ¢lling length and complete obturation in the apical one-third of the root canal was de¢ned as having a good-quality endodontic work (GQEW). A treated tooth was de¢ned as having a GQEW when all its canals had a GQEW.
Statistical evaluation
Interexaminer variability was studied through independent examination of 20 randomly selected cases of radiographs from the same source prior to the investigation. Interexaminer agreement was measured by Cohen's kappa (k) values (Cohen 1960 , Valachovic et al. 1986 ). The k-statistic was also used to assess the reproducibility within each rater (intra-examiner). To evaluate the intra-examiner reproducibility, 20 randomly selected cases were evaluated by the eight endodontists; the same cases were again re-examined 4 weeks later. An alternative measurement, the percent agreement (or proportion of agreement), was also used to measure intra-examiner variability (Hunt 1986 ,Valachovic et al. 1986 ).
Sample means and their standard errors were used to describe every item listed on the evaluation form. The Chi-square statistic was used to test the null hypothesis which states that the mean proportions of root canals or teeth with GQEW from the populations are identical. Once the comparison amongst these groups was statistically signi¢cant (P-value < 0.05), the Bonferroni multiple comparison procedure was then used to ¢nd out whether all the mean proportions or only some of them were di¡erent (Glantz 1997) .
Results
The k-value for interexaminer variability was 0.80 for '¢lling material', 0.71 for 'length of root ¢lling' and 0.52 for 'obturation of root canal'.The k-values for intraexaminer reproducibility of the eight endodontic specialists ranged from 0.64 to 1 for 'length of root ¢lling'and from 0.19 to 0.87 for 'obturation of root canal'. The values of percent agreement for measuring the intraexaminer variability were all greater than 0.75.
Root canal ¢lling materials in1085 teeth with RCTare shown in Table 2 . Of these 1085 teeth, gutta-percha was the main ¢lling material in 735 (67.7%), guttapercha-like material in 293 (27.0%) and other materials in 57 (5.3%) teeth (Table 2) .
Detailed information about root ¢lling length in 1867 root canals from1085 teethwith RCT is shown inTable 3. Of the 1867 root canals, 788 were from hospitals and (Table 4) .
GQEW, de¢ned as having both adequate ¢lling length and complete obturation, was found in 650 (34.8%) root canals, which included 339 from hospitals and 311 from private clinics (Table 5) . After adjustment as a result of strati¢ed sampling, the weighted average of root canals with GQEW was 30% with an SE of 0.01. The percentage of root canals with GQEW in hospital cases (43.0%) was signi¢cantly greater than that (28.8%) in private clinic cases (P < 0.001). Of the 650 root canals with GQEW,146 were from anterior teeth,154 from premolars and 350 from molars. A signi¢cant di¡erence in the frequency of root canals with GQEW was found amongst the anterior teeth (40.4%), premolars (34.3%) and molars (33.1%) (P < 0.05). In addition, through multiple comparisons, the percentage of root canals with GQEW in the anterior teeth was signi¢cantly greater than that in the molars (P < 0.05). However, there was no signi¢-cant di¡erence in the frequency of root canals with GQEW between premolars and anterior teeth or molars (Table 5) .
Detailed information about the percentage of teeth with GQEWaccording to tooth types is shown in Table 6 . GQEW in a tooth, i.e. a tooth with its single canal or all multiple canals showing a GQEW, was found in 329 (30.3%) teeth. After adjustment as a result of strati¢ed sampling, the weighted average of teeth with GQEW was 25% with an SE of 0.02.The percentage of teeth with GQEWin hospital cases (38.1%) was signi¢cantly greater than that (24.3%) in private clinic cases (P < 0.001). The frequency of teeth with GQEW in anterior teeth (40.4%) or in premolars (33.0%) was signi¢cantly higher than that (18.4%) in molars (P < 0.001). However, there was no signi¢cant di¡erence in the frequency of teeth with GQEW between the anterior teeth and the premolars. Similar trends were found when comparing the frequency of teeth with GQEW in both hospital and private clinic cases according to the tooth types (Table 6 ).
Discussion
This paper was the ¢rst investigation on current technical quality of RCT in Taiwan using the whole Taiwanese population as the sampling source. Di¡erent from other published data, RCT cases that had been completed in recent months were evaluated. Each one of the cases was subjected to sampling, regardless of success or failure. Conversely, all the other epidemiological studies had evaluated the technical quality of root canal treatments without the knowledge of the date of treatment. Comparison of the frequency of root canals with GQEW between hospital and private clinic cases; P < 0.001. In addition, some of the failed cases might have been retreated or extracted whenthe symptoms or signs developed after the initial treatment. Such a second intervention on previously treated cases could a¡ect the results of these studies. Because the cases in our study were randomly selected from a nation-wide large sample completed within a period of 6 months, the results re£ected the current status of technical quality of RCT in the whole Taiwanese population. In the present study, periapical lesions associated with teeth with RCT were not assessed because the periapical radiographs were submitted from di¡erent institutions without a standardized radiographic technique. A total of 8.3% of the periapical radiographs were classi¢ed as unreadable as a result of poor radiographic technique or processing. In some of these excluded cases, the root apex was not visible in the radiographs; in others, the images were too vague to be interpreted. Furthermore, even in some of the readable samples, the apical area of the treated tooth was not included in the periapical radiographs because inclusion of the apical area of the treated toothwas not required by BNHI.This was the reason why, in this study, the periapical lesions of the teeth with RCT were not assessed.
The k-values of 0.80 and 0.71indicate excellent agreement in the ratings of '¢lling material'and 'length of root ¢lling' amongst the eight endodontists. The k-value of 0.52 for 'obturation of root canal' represents fair agreement. This may be because of the fact that there are only two choices, 'complete' or 'incomplete' for the endodontists to select for the density of root canal obturation in this study.When observations are binary, the interrater variability may not be described well using k-statistic. To measure the intraexaminer variability, the values of the proportion of agreement were all greater than 0.75, indicating high consistency of each endodontist. When k-value was used for measurement, it again gave evidence of the consistent standard of each rater in this study. Data of inter-and intraexaminer variability were comparable to those reported by others. Petersson et al. (1986) reported an interexaminer agreement of 68% for three examiners and an intraexaminer reproducibility of 76,79 and 93%, respectively, for the same three examiners, regarding the evaluation of technical quality of the root ¢llings. Furthermore, Kirkevang et al. (2000) reported an intra-observer agreement k-value of 0.74 for 'length of root ¢lling'and of 0.61for 'obturation of root canal'.
Amongst 1867 root canals examined, adequate ¢lling length was observed in 61.7% and complete obturation in 38% of the root canals. According to the regulations of BNHI, ¢lling length is more critical than obturation density when claiming an RCT payment. This may explain why we had more cases with adequate ¢lling length than those with complete obturation. In this study, both adequate ¢lling length and complete obturation in the apical one-third of the root canal were used as the criteria for de¢ning a GQEW. These criteria are similar to those for an acceptable root canal ¢lling advocated by European Society of Endodontology (1994), i.e. a radiographically dense ¢lling with its end located between 0 and 2 mm from the apex. By this de¢nition, 34.8% of the treated root canals and 30.3% of the endodontically treated teeth ful¢lled the criteria and, thus, quali¢ed as having a GQEW. After adjustment, as a result of strati¢ed sampling, the weighted average of root canals with GQEW was 30% with an SE of 0.01 (data not shown) and that of teeth with GQEW was 25% with an SE of 0.02 (data not shown). These results indicate a disappointing level of technical qualityof RCT inTaiwan. Similar ¢ndings of poor quality of RCT have also been reported by others (Petersson et al. 1986 (38%) Boucher et al. 2002 (21%) ). However, Sidaravicius et al. (1999) reported an overall success rate of 65% for root-¢lled teeth.
The discrepancy in the results of the percentage of endodontically treated teeth with GQEW could be because of the use of di¡erent parameters to score the endodontic quality. Most of these studies adopted both adequate root ¢lling length and proper obturation as the criteria for a GQEW (Petersson et al. 1986 , Eckerbom et al.1989 , O « desjo« et al.1990 ,Weiger et al.1997 , Kirkevang et al.2000 , Boucher et al.2002 . However, fewother investigations used the level of the root ¢lling as the only criterion for judging a GQEW (De Cleen et al. 1993 , Saunders et al. 1997 , De Moor et al. 2000 . In addition, most of these studies considered the apical termination of the root ¢lling 22 mm from radiographic apex as the gold standard for an adequate root ¢lling (Eckerbom et al. 1989 , O « desjo« et al. 1990 , Buckley & SpÔngberg 1995 , Boucher et al. 2002 , whilst others used a broader standard of 23 mm from the radiographic apex as a criterion for an adequate root ¢lling (Marques et al. 1998 , Kirkevang et al. 2001 . In another study, only over¢lling was considered as inadequate; the apical end of the root ¢ll-ing less than orgreater than 2 mm from the radiographic apex was considered as adequate (Petersson et al. 1986 ). Theoretically, the broader the criteria, the better the results. According to the results of the previous studies, root-¢lled teeth with an adequate seal or ¢lling length had a lower incidence of periapical lesions than teeth with an inadequate seal or ¢lling length (Petersson et al. 1986 , Eckerbom et al.1989 , O « desjo« et al.1990 , Kirkevang et al. 2001 , Boucher et al. 2002 .
In this study, the frequency of teeth with GQEW in anterior teeth (40.4%) or in premolars (33%) was significantly greater than that (18.4%) in molars (P < 0.001). However, there was no signi¢cant di¡erence in the frequency of teeth with GQEW between the anterior teeth and the premolars. In general, the anterior teeth or premolars have larger, straighter and fewer root canals than molars.Therefore, technically, an anterior tooth or a premolar is easier to treat than a molar, and a higher technical quality of RCT can be expected. Similar results of a higher success rate of RCT in anterior teeth or in premolars than in molars were also reported by others. Petersson et al. (1986) found that the percentage of teeth with complete obturation of the root canal without over¢lling was 47% for premolars and 18% for molars. In addition, Boucher et al. (2002) showed that the frequency of teeth with acceptable ¢lling was 34.2% for anterior teeth, 23.8% for premolars and 16.9% for molars.
Epidemiological investigations have revealed a significant di¡erence in the results of endodontic treatment between well-trained endodontic specialists and general practitioners (Sjo« gren et al.1990 , Eriksen1991, Friedman 1998 . In this study, the cases were divided into hospital and private clinic, and further calculation and comparison were completed on the percentages of root canals or teeth with GQEW between these two groups. The percentage of root canals with GQEW in hospital cases was signi¢cantlygreater (43%) thanthat in private clinic cases (28.8%; P < 0.001). Furthermore, the percentage of teeth with GQEW in hospital cases was also signi¢-cantly greater (38.1%) than that in private clinic cases (24.3%; P < 0.001). In Taiwan, some teaching hospitals are a⁄liated with dental schools. There are well-established endodontic training programmes and welltrained endodontists in these teaching hospitals, where interns and residents work under the supervision of well-trained endodontic specialists.Therefore, endodontically treated cases completed by the dentists in the teaching hospitals can be expected to have a better technical quality than those completed by the dentists in the private clinics. However, the overall percentage of root canals or teeth with GQEW in Taiwan was still less than 35%. This result indicates the need to improve the quality of endodontic treatment by the hospital dental workers and the general practitioners in Taiwan.
Conclusions
Approximately 70% of the teeth receiving RCT inTaiwan were either inadequately ¢lled or incompletely obturated.These ¢ndings suggest that the technical standard of RCT is not satisfactory in Taiwan.
